Objective: To compare the efficacy of aquatic exercise and a land-based exercise programme vs control in patients with knee osteoarthritis. Methods: Primary outcome was change in pain, and in addition Knee Injury and Osteoarthritis Outcome Score questionnaire (KOOS). Standing balance and strength was also measured after and at 3-month follow-up. Seventy-nine patients (62 women), with a mean age of 68 years (age range 40-89 years) were randomized to aquatic exercise (n = 27), land-based exercise (n = 25) or control (n = 27). Results: No effect was observed immediately after exercise cessation (8 weeks). At 3-month follow-up a reduction in pain was observed only in the land-based exercise group compared with control (-8.1 mm, (95% confidence interval -15.4 to -0.4; p = 0. 039), but no differences between groups were observed for KOOS; and no improvement following aquatic exercise. Eleven patients reported adverse events (i.e. discomfort) in land-based exercise, while only 3 reported adverse events in the aquatic exercise. Conclusion: Only land-based exercise showed some improvement in pain and muscle strength compared with the control group, while no clinical benefits were detectable after aquatic exercise compared with the control group. However, aquatic exercise has significantly less adverse effects compared with a land-based programme.
INTRODUCTION
Primary osteoarthritis (OA) is the most common type of arthritis, with the knee as the most commonly affected joint.
Approximately 10% of the population over the age of 65 years have symptoms of OA, and subclinical, radiographic OA may be present in more than half of this age group (1) . The most prominent symptom in knee OA is pain. Other symptoms might be due to the various deficits present in patients with knee OA, such as reduced balance (2) , muscle weakness (3), decreased joint range of motion (ROM) and joint instability (4) . The sum of these deficits is a reduced ability to perform activities of daily living (5) . Exercise studies that aimed at improving both strength and endurance have reported improvements on pain relief and physical function (6) (7) (8) , whereas reviewing data on aquatic exercise alone supports short-term efficacy (9) (10) (11) ; however, others have demonstrated a lack of effect (12) (13) (14) (15) . Misalignment may be associated with a deterioration of the disease (16) , and it may be speculated that weight-bearing exercises can cause adverse effects in knee OA. Indeed, we have seen indications of hydarthrosis in relation to exercise in this group of patients (17) .
A possible alternative to land-based exercise is aquatic exercise, where the buoyancy reduces the loading on the damaged joints.
The aim of this study was to compare the efficacy of aquatic exercise and a land-based exercise programme vs control in patients with knee OA, with pain being the primary outcome; in addition physical function, quality of life, balance, and knee muscle strength was monitored and analysed. If a significant difference was found, the 2 interventions was compared post hoc, in order to evaluate the relative importance of the different exercise regimes.
METHODS

Design and randomization
The study was a single-blind, randomized, controlled trial with blinded assessment. The 79 patients were randomized (envelope method (opaque) with blocks of 18 (3 × 6) subjects). All 3 groups were asked to continue any other treatment as usual. Informed consent was given prior to randomization, and the baseline measurements were also taken at this point in order to keep the randomization concealed. tising in local newspapers. A rheumatologist examined the recruited patients to ensure they complied with a definite OA diagnosis at enrolment. All patients fulfilled the OA criteria according to The American College of Rheumatology (18) , as well as having C-reactive protein within the reference range, and a negative rheumatoid factor (19) . Exclusion criteria were hydrophobia, incontinence, wounds, language or intellectual problems, a history of periarticular knee fracture, total knee replacement, inflammatory joint disease, heart or lung condition and other medical diseases with possible contra-indication of exercise and/or pool therapy, present participation in other clinical or exercise trials, and secondary knee OA. A pre-study power analysis was performed based on a pilot study (n = 4, aquatic exercise), performed immediately before the present project, and an earlier study from our laboratory (17) showed an average reduction in the visual analogue scale (VAS) pain score of 22 mm, and a corresponding standard deviation (SD) of 30.25 mm. With an alpha level of 5% and a beta level of 20% (corresponding to 80% power), this indicated that the sample size should be 30 in each group.
Interventions
The intervention started during the week following randomization. Six physiotherapy students instructed the exercise lessons. All students were in the last term of their physiotherapy education and had all passed the examination in "Physical Exercise". The intervention programme was carried out for 8 weeks with 2 sessions per week.
Both the aquatic and land-based exercise programmes consisted of the following parts: warm-up, strengthening/endurance exercise, balance exercise and stretching exercise (Appendix I). Each session lasted 50 min, comprising 10 min warm-up, 20 min resistance exercises, 10 min balance and stabilizing exercises, 5 min lower limb stretches and 5 min cool-down period (Appendix I). The exercises were not individualized within the allocated groups. All patients in the aquatic group and all patients in the land-based group did the same exercises, in order to standardize the procedures used.
In the land-based programme, the resistance was the patient's own body weight, a rubber band, or weight resistance (leg press). In water, viscosity, buoyancy and turbulence provided resistance, as did the use of different aqua adjuncts, such as aqua noodles, rings, kick boards and the hands of the physiotherapist. The temperature in the pool was 33.5°C. To create uniform exercising, music was recorded for the purpose and used at each session to ensure that the rhythm and length of performance were exactly the same at all times. The instructor of each session noted drop-outs, adverse reactions, and other comments at each exercise session. Compliance was expressed as the percentage of sessions attended.
Outcome measures
Pain was chosen as the primary outcome (20) . All measurements of indicators of improvement were carried out immediately prior to exercise to give a set of baseline data. Following 8 weeks of exercise (post-exercise) the same measurements were performed, and again after 20 weeks (3-month follow-up). All measurements were carried out by 2 independent physiotherapists, who were both experienced in the measuring methods and blinded to the treatment. The various measurements were taken randomly in each session, except for the muscle strength measurement, which was always taken last.
Pain assessment scale. Patients completed a 100-mm VAS (21) based on the degree of (i) worst pain at rest, and (ii) worst pain at walking. "Worst imaginable pain" was marked at the right extreme of the line, and "No pain at all" at the left extreme of the line. All measurements were taken from left to right. Patients were not permitted to see previous scores.
Knee Injury and Osteoarthritis Outcome Score questionnaire (KOOS).
KOOS is a three-dimensional, disease-specific, self-administered health status measure, which assesses 5 indicators: pain, symptoms, physical function, sport and recreation function, and knee-related quality of life. Standardized answer options are given (5 Likert boxes), and each question is scored from 0 to 4. A normalized score (100 indicating no symptoms and 0 indicating extreme symptoms) is calculated for each subscale (22) . KOOS is a developmental variant of the WOMAC questionnaire from 1988, which was intended for assessment of elderly people with primary OA (23 (25) . Isokinetic measurements are applicable for elderly people and patients with rheumatic diseases (26) . The dynamometer was calibrated every day, after the warm-up period. The test person was comfortably seated and strapped to the dynamometer chair with leg straps and a body belt. The lower part of the test leg was placed in the foot support so that the axis of the rotation corresponded to the axis of the knee's flexion and extension. Prior to the measurements a correction for gravity was made by placing the test person's lower leg in the ROM position closest to horizontal. The dynamometer registered the leg's weight, which was then used for gravity correction of the obtained force during the further measurements. The best of the 3 results was chosen as maximal isokinetic muscle strength. During the test procedure each patient was required to fold their arms across their chest and was given verbal encouragement in an attempt to achieve a maximal effort level. Prior to each test the purpose and procedure were verbally explained to the patients and they were asked to perform a submaximal test in order to familiarize them with the test.
Statistical analyses
The primary analysis was based on General Linear Models with the outcome measures applied as dependent variables (i.e. VAS pain, KOOS, balance and muscle strength for each individual at a particular time point). The factor treatment (3 levels) was applied as a fixed factor, and in each analysis the individual patient's baseline level was used as covariate in the corresponding 1-way analysis of covariance (ANCOVA). Thus any random difference between the groups at baseline was implicitly adjusted for. All data are presented as mean ± standard error (SE), unless stated otherwise. We used SAS statistical software (SAS ® version 9.1). In addition, an intention-to-treat analysis was included as recommended (27) , using the last observation carried forward methodology, as it tends to produce more conservative estimates independent of drop-out rates between the groups (28) .
The isokinetic knee muscle strength measurements were taken at 3 different velocities (30, 60 and 90 deg/s), both for flexion and extension. Thus the total number of muscle strength expressions was 3 × 2 = 6 repeated (assumed mutually correlated) measures. In order to minimize the number of different expressions of the muscle strength we performed a linear mixed model procedure in which the 3 different velocities were analysed together: based on the resulting estimates from the 2-group comparisons from (i) aquatic exercise vs control and (ii) land-based exercise vs control, which was handled as the standardized mean difference (SMD) -supplied with the corresponding variances (σ 2 ≈ [SE] 2 ). These individual outcomes (subjects clustered within multiple expressions) were used to calculate the inverse-variance weighted effect size (i.e. pooled SMD), based on a maximum-likelihood method in analogy to the recommended approach for meta-analysis (29, 30) . This analogy to meta-analyses has previously been introduced for the analysis of cluster randomized trials (31) . The level of significance was defined (a priori) as p ≤ 0.05 (2-tailed); however, the clustered data analyses (muscle strength and balance) is presented with 95% confidence intervals (95% CI) based on a Gaussian distribution (± 1.96 × SE pooled ). Whereas 95% CI for pain scores etc. is based on the t-distribution.
The pooled clustered empirical analyses were only carried out on a per-protocol basis, since we were investigating the changes in muscle strength and balance as a result of exercise (aquatic or land-based, compared with a control group not adding exercise therapy).
Ethics
The experimental protocol was in accordance with ethical standards on human experimentation and with the Helsinki Declaration of 1975 as revised in 1983, it was approved by The Scientific-Ethical Committee for Copenhagen and Frederiksberg (J.nr. KF 01-056/02), and each patient gave signed informed consent.
RESULTS
Recruitment started in January 2003 and was completed in April 2004. A total of 134 persons responded to the advertising and 50 were referred from general practitioners. Of the 184 persons who were interested in taking part in the trial, 98 were, by means of telephone interviews, considered eligible patients in accordance with the inclusion and exclusion criteria (Fig. 1) . Fifteen of these were excluded following the clinical examination performed by the rheumatologist and 4 decided not to participate after being fully informed about the randomized design. Finally, 79 patients were randomized to the aquatic exercise group (n = 27), the land-based exercise group (n = 25) or a control group (no exercise) (n = 27). The demographic characteristics of the patients are given in Table I .
Of the 79 patients randomly allocated, 8 dropped out during the exercise period: 5 from the land-based exercise group, 3 due to increased pain, one due to a fracture not related to the exercise programme, and one due to work; 2 from the control group, one dropped out at baseline, one moved abroad, and one did not showed up att follow-up; and one from the aquatic exercise group due to work. Seventy-one patients completed the programme: 26 in the aquatic exercise group, 20 in the land-based exercise group and 25 in the control group. Compliance in the aquatic exercise group was 92%, and 85% in the land-based exercise group. A significant difference between all 3 groups was found for body weight (p = 0.03, Table I ), but a post-hoc analysis showed that this difference was only between the aquatic exercise group and the land-based exercise group (p = 0.05). Baseline values for all dependent variables are presented in Table II .
Pain assessment scale. No difference in pain was observed immediately following exercise for any of the groups (Table III) . A significant reduction in pain at rest at 3 months follow-up (Table III and Table IV) .
Knee muscle strength. A significant overall effect on muscle strength was found for the land-based exercise programme compared with control (SMD 0.20; 95% CI 0.02-0.38), while Fig. 2A ). This overall effect following landbased exercise was probably because of a significant effect during follow up (SMD 0.26; 95% CI 0.00-0.52) (Table V) , Fig. 2 (A and B) ). The decreased muscle strength was also observed in the follow-up measurement for the aquatic exercise programme compared with control (SMD -0.28; 95% CI -0.51 to -0.04) (Table V, Fig. 2 (A and B) ). As presented in the figure, the land-based exercise programme had a significant effect on muscle strength (improvement) -compared with the control group; while aquatic exercise have a detrimental effect on muscle strength compared with control (i.e. muscle strength was significantly decreased at follow-up).
Standing balance: None of the pooled (meta-view) analyses indicates a significant effect on balance parameters, but as indicated in Fig. 2B aquatic exercise may have a more beneficial effect on balance than the applied land-based exercise programme.
Adverse reactions
In the land-based exercise group, 11 patients reported adverse effects of the exercise (44%), 8 patients (32%) reported increased pain during and after exercise, 3 patients (12%) reported swollen knees. Among them, 3 patients decided to drop out. In the aquatic exercise group 3 patients (11%) reported pain during exercise, but none from the aquatic exercise group stopped the intervention due to adverse effects of the treatment. Based on Fisher's exact test, these numbers corresponded to significantly more adverse effects in the land-based exercise group compared with aquatic exercise (p = 0.012); with adverse events being 6 times more likely following land-based exercise therapy (exact odds ratio = 6.3 (95% CI 1.3-39.6)).
DISCUSSION
Out of our 2 knee OA exercise groups following a relatively intense aquatic or land-based exercise programme, only patients Land-based SMD (95% CI) from the land-based exercise group showed a decrease in pain from baseline at 3 months follow-up. No effect was seen on self-reported symptoms, physical functions or quality of life in either of the groups. These results are partly contradictory to the conclusion of a meta-analysis based on studies of effects of exercise therapy for patients with knee OA, which shows that land-based exercise therapy reduces pain and improves physical function in knee OA patients (32) . However, a risk of a type II error could not be excluded, since a power analysis before starting this project indicated 30 patients in each group. When designing the exercise programme for this study we aimed at finding a balance between a high exercise dose/ exercise intensity, whilst providing an exercise programme that was not too demanding for the individual patient. The exercise programme comprised 16 sessions of either land-based or aquatic exercise spread over 8 weeks to ensure a physiological effect (33) . The basis for the design was that moderate levels of physical activity are not associated with radiographic progression seen in knee OA, but that a high level of physical activities are related to increased risk of developing the radiographic progression usually seen with knee OA (34).
Muscle strength
Previously we have observed signs of adverse effects of landbased exercises for patients with knee OA (17) . The compliance in our present study was good, 92% for aquatic and 85% for land-based exercise, and all patients participated fully in the exercise programme when present. With 11 patients from the land-based exercise group who complained of adverse effects of the exercise, we can argue that the amount of exercise could not be characterized as too low.
We designed our programme to obtain a definite effect on strength (35) by combining balance, aerobic exercises and stretching exercises with a moderate intensity as recommended by the American Geriatrics Society (36) . The question that these mixed programmes rise, is whether each type of exercise has too little to give to an optimal dosage. So far, no one has been able to define a clear objective when prescribing exercise for patients with knee OA.
In a recent meta-analysis the effect of aerobic and strengthening exercise was found to be the same (37) . The overall effect of exercise therapy given to patients with knee OA was improvement in pain and physical function (32) (33) (34) (35) (36) (37) . However, results vary in the literature and of 17 studies included by Fransen et al. (32) in the analysis, 11 studies observed no effect on physical function and 4 no effect on pain.
The effect of a programme is presumably dependent on type of exercise, and standards have not been developed for exercises. Thus differences between programmes are likely to be a significant confounder.
In a Cochrane review only one study (38) tried to answer the question about optimal intensity, and Fransen et al. (32) conclude that specific recommendations cannot be made either for optimal dosage or optimal programme content.
The land-based exercise group showed improved muscle strength compared with the control group at follow-up, but not immediately following therapy. A possible explanation for this delay could be that the land-based exercise group continued some kind of strengthening exercise at home, and that 3 months further exercise was necessary to show a significant result. The aquatic exercise, on the other hand, showed no effect on muscle strength, possibly due to too little resistance exercise, which is necessary to improve strength. No development in strength was observed in this group during follow-up and the aquatic programme may not in itself have stimulated to higher physical activity at home. Another explanation could be the difference in initial body weight. The land-based exercise group had a lower initial body weight compared with both the aquatic exercise group and the control group. A recent review clearly indicates that weight loss improves not only pain, but also physical function (39) . This seems to be a possible explanation since the mean difference between the aquatic and land-based exercise group was 13.5 kg. However, this difference is not based on a weight change, as it is a result After: subtotal Exercise for knee osteoarthritis of (concealed) random allocation from the random sample (n = 79) of knee OA patients in Denmark. But since a heavier person often has a higher muscle strength, the improved strength in the land-based (lighter group) could not be explained by the difference in body weight alone. Finally, the difference in weight was only observed between the aquatic exercise group and the land-based exercise group, between whom no further difference was observed, thus indicating that the weight difference was not important when analysing the results from the present study.
In conclusion, only land-based exercise showed slight improvement of pain and strength compared with the control group, while no changes were detectable after aquatic exercise compared with the control group. Nevertheless, aquatic exercise showed significantly less adverse effects. We argue that to increase compliance and decrease the number of withdrawals and adverse events, a combination of aquatic and land-based exercise should be the preferred exercise regimen in knee OA.
